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Trees Ari-listoria,ns_
- 7 Everybn&delights in the beauty and C
.>" the vitality of living trees. They provide us
with an endless source of pleasurs, for
even though most of us are exposed 1o trees
every day, we never tire of them. Indeed
each year more and more of us turn to the
forests and the woodlands for vacations and//\-)
.. for retirement. Perhaps trees fascinate us
- because they are truly the "‘giants” of the
piant world; we are awed by their size and
) their silent strength, and this in turn may
=7 cause us ‘0 wonder about the life forces
' contained within the trees’ structure.
Botanists and hydrologists have long
. sought to unravel the secrets of these _ ]
. life forces from Nature's “‘giants™«-to
determine what hydrologic and snvironmental
information is revealed by their growth
records. They have discovered that trees are * !
Nature's timekeepers, her historians. .
Trees teli a fascinating story hut, to under-
" stand it, we must look inside the tres.
And herein lies our story,

If you look at the top of a tree stump,

you will see that it is composed of a series

of concentric rings—tree rings—that become

larger and larger in diameter outward fr

the center of the stump. Tree rings possess

highly individualized characferistics that

-- -+ reveal many facts about past water and
climatic conditions. For exampls, suppose
you notice that several of the stump’s—" "+
tree rings seem unusually narrow. You have
just unraveled part of the story of this
Nature's timekeeper—these narrow rings
may be climatic records of exireme drought
years. Because asingle treering, a
growth ring, Is usually formed each year,

- the age of the tree when it was cut can ba
determined by counting the rings. !f the
year of cufting is known, the year during
which each ring was formed can be
dstermined by counting backwards from the *
outside ring. This process is called “dating.”
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What Are Tree Rings?

To grow, trees must increase the size
of thelr xyfem {woody portion exclusive of
b sk} by adding new tissue between the
existing xylem and the bark. Such new
growth usually occurs according to a
seasonal pattern. Trees in temperate regions

+ typically exparience an annual cycla—-
a summer growth period that begins with the
opening of leaf buds in springand a '+,
winter dormant period that begins with the
dropping of leaves in autumn.

Growth depends upon the abundance of
soil moisttire in this annual cycle. Moisture
normally reaches its peak of availability
in early spring and its low in lats summer.
in responsa to this moisture cycle, the
growing tree forms two tvpes of cells:
large thin-walled cells in the early part of the
growth sgason when soil molsture is
abundant, and smalf thick-walled cells during
the later part of the growth season when
soll moisture is less available. .

Tree-ring boundaries are distinguished
as an abrupt changes of appearance between
the small thick-walled calls produced at
the end of a growth season and the large
thin-y. alled cells produced at the beginning
of the next growth season, The wood-
between these two consecutive boundaries
is formed during one growth season and
thus is technically referred to as an anntal

« increment of growth or, more popularly,

as a growth ring or trge ring. The thrae basic
categories of wood types show thelr highly
.individuallzed ring characteristts. -
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NONPOROUS WOOD— Ring boundaries of most
nonporous wood (suéh as most evergreens) are

the breaks befweén the band of darker colored
colls {the small thick-walled celis formed at the end of
a growth season) and the much lightar colored wood
just outside the dark band. | '

RING PORQUS WOOD — The ring boundary of ring
porous woods (such as the oeks) is the break
betwean the small thick-walled cells formed at the end
ol a growth seasan and the,very large open vessels or
pores formed at the begluning of the next season of
growth.
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DIFFUSE POROUS WOOD— Although oftan difficult

to distinguish with the haked eye. the ring boundary
of ditfuse porous wood fincluding maples, yellow
poplars. end sycamnares) IS the area between the,
fine lignt-colored lings formed at the end of the growth
s@ason by very small thick-walled cells.
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T ee RIﬂgS‘ Growth Layers R but once each increment has been
e, " formed, it remains unchanged in size or %

position during the fife of the tree. -
Tree rings form a part of Nature'

Looklng down at a stump tap, it may
be difficult to visualize how trée rings go N
together to make a tree, Perhaps this is

b tree is a three-dimensi | obiect ‘ permanent historical record of environmental
ecause a ty ete y da- Irée 'T t onal obl . conditions. For example, consider a non-
and a stump T?f K;SP S;S:ﬂ Yy ;;'o nal « typical yeer such as a year of extreme . -
d:me?lflons.b el ?iag ;1 ree- mgnsmna " ! drought. A tree wiil undergo little nexv.growth
" glr::: a’fcali: Ef’c::l:' tal:le ren 'rﬁgmet\;\zr'legves ] -, during such a year. As a result, growth
branc?hes rgots and bgrk and conside;'ing ‘ * may not extent to the base of the tree, and
: ’ ’ ' a tree ring may not be formed in the-bas y
‘oniy the wood portion of the tree tfunk. ~ 9 may ed. asal

section of the trunk, Whether ar not aring
is missing can be determined by comparing
a section of basal rings with a section

At the end of its first summer, after - ]
germination from aseed, a treg seedling is
.- composed of one annual growth increment ]
.. - or growth layer. This somewhat cone-shaped

increment, a fraction of a centimeter in e? I3 \'
_ diameter and onlly a few centimeters high, EE 23
“ will not grow or ¢hange dimensions after the . Ea‘a /1’ .
year in which it was formed, but will remain g 3 2
the same size and in the same position as 1‘ 1: 2 g g
IeAg as the tree.exists. . ) - i ii,.=’|' gE
) During the second year, another annual ud St ' 28
= growthincremerit is formed arcund and . L AT 22
~ - apove the first year’s increment. Atthe end __— ‘,- ' ‘!/+ ' ZE .
af the third year, an increment has besn : 3 : 2 23
formed around that of the second year, and i T
similar cones of growth are formed in
each succeeding year. The "growth incre- :
ment of sach year thus increases the o o
r diameter and height of the tree trunk; 2
| Third Year . 1960
E %7 o
- 1257 o
Second Yedr 1956 \

First Year
Seed - t

The ittustration of a tree t'run_k reprasents a hypo-

i theticat sHuation that would reswit from growth
[ under average gnvironmental conditions {no floods,” no
droughts. no extrame temperatures), In general, growth

. -, ; begins at the top of he Iree and progresses toward
At et w oL . the basse. Allhough Ihe widih of eacn ring {lhe *ring
: Bach year a Ireo grows it adds another growih size") decreases from Ihe canter. the total crossy
ZT° ring. ; sectlonat area remalns the same for 2ach year. \
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of rings containing all growth rings but

, are visual records of-years of.extreme
3 envsronmental cond:tlgs—--m thiscase, of
™ {years of drough&

Tree rings also a're‘a record of vegetative
~ history in a particular area. Trees that-have
ﬁrown tin in an environment free of,

- " competition for sunlight arid moisture exhibit
*  apattern of large open ring growth,
particularly within the-early growth years.
’ |n comtrast, trees that have developed in a
- highly competitive- environment will reveal
" an edrly growth pattern of narrow, Closely .
compacted rings. Depending on the degree
~ of competition, tree-ring patterns will,
change. Tree rings r.rovide a continuous
", record of vegetative change and
envirgfifnental effects.

Even though these wo seclions conlain Ithe

- saw3 number of tree rings, they show the ellect of the
_- er vifonment on ring growth. Seclion A !5 from the Colo-
- . rado blue spruce that was Wransplanted to the ‘While
‘= House lawn and used as the Nalignal Chnstmas Tree.
2 1975-76, and thows the large rings formed In Irees
growing in 1awns and other open areas. Seclicn B s
-:':-": from a \hrginia pina that qrew at Cedarville.Slale Park -
~ i Maryland und shows the natrow growth rings more
_lypical ol t2ges with small crowns, such as understory
. 1rees In eastern forests.

“taken higher in the trunk. The missing rings .
 tops of posts provide the best oppcrtunities

- samples from living trees without harming

Collecting Tree-Ring Samples
Tree stumps, the ends of logs, and the

a

to exatnine tree trunks in Cross section, An
interested observer can usuaily find some
good tree rings to examine in his immediate
naighhorhood and in nearby wooded areas. 4
+Botanists and foresters, who'need to
examine many tres-ring samples and cannot
be iimited to looking at rings from irees
that have been cut down, have devised a
tree-boring method to coliect tree-ring

the trees. This method uses a hollow -

metal bit, called an increment borer, which'
is twisted into a standing trea to remove a
pencil-sized sample or core. This ~
sample provides valuable tree-ring data

that can*he readily stored for later laboratory
studies. ~
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Diagram of an increment borer —a taot used in
oblaining core samples from !’I\Le trees,

Tree Rings: Historical Records

Counting the rings of a single Cross
section, such as a stump {op, reveals the
number of years the tree grew aftar it reached
,l{lat height. By counting backwards from
the year of the outside ring (year of last
growth season before the tree was cut),
each ring may be laheled with the year
during which it was formed. If any rings were
missing, then the dating Is inaccurate.

If none of the rings were very smail, hawever,
it is unlikeiy that any will be missing.
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Knowledge of the ages of selected
.trees in an area provides a time reference

SN Tree-Ring Cross Dating

. e . 5
for climatie/environmental conditions or » .. Crossdating is @ method of dating

_events of historical signiﬁcan_ce. For example, wood {inciuding trees, posts, and structural
tree ages can indicate: I T R VU

{1) the minimum number of years since
- -- - .aland surface first hecame suitable
for germination and-growth of
tree seedlings;
(2) the minimum length of time since
farmiand was abandoned or no
- longer cultivated; or
-3} the minimumhiumber of years since
new land ¢ syrfaces were created,
such as by land fills, road cuts,
- fioods, or glaciers. '
_” The specific year during which a tree
was damaged can also be determined if the
tree rings can be dated. Thus it is possible
to date the event or condition that damaged R
the tree. If a patch of bark has been
removed from the tree, which kiils the
delicate growth tissue beneath, the date of
such damage can be determined by counting
the number of rings in an adjacent
“undamaged area after the damage cccurred. o
This method has been successfully
used to date and identify such events as
forést fires, ice jams on rivers, and the blazing
(marking} of boundary trees:

Tree-ring counts have alsd been used
to date events such as floods, landslides, and
hurricanes, that have partially tipped trees.

) Terminal sheots of treas tend to grow

= upward. If a tree is tipped over, new sheols
" will emerge and‘sgrow veflically at an angle
to the axis of ‘the bent-over trunk.
The event that tipped the tree can be dated
by counting the number of rings in the

new shoots that have grown vertically

from the tipped trunk.

Date of damage to free trunk
can Lo defermined by count-
ing nt mber ol rings formed
- after (to the oulside of} the * s
damaged ning. it

Sl 15 rco, on 11504 plin, that

- was knockad over by one .

_ Bood, partly buried by

another, and expoged by

- third. (A} Qriginal trunk tip-

- ped 'over by flood. (B} Vertis

cal sprout that graw after

.. iren wag tipped ovsr-by

¢ _lood. [C) Reot that grew

from tipped frunk alter the

. Sacond flood and then was

exPosed by a third flood.

Concentric rings near tha

centar wwte formed when

trunk was jn an apright

position. The outer £ccen:

tic 1ings wera formed alter
" Ine trunk was tipped.
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T beams} by comparing the ring patterns in

-

the older wood with the patterns in more
recent wood. Such dating is possible

v

- because of the variation in ring size.
" Examination of a number of wood samples *

r§

from a given area reveals that variation in
ring sizes appears to follow a pattern.
if the same ring pattern can be identified
in two pieces of wood, one of which has ’
been dated, the second piece can be dated
. from the first by matc[lnng the ring pattern
common to both piel.ces. This method
'Is called cross dating./Scientists at the_
University of Arizona Laboratory of Tre&Ring

. Research have used this method to

establish continuous ring records of more
‘than 6,000 years. With such records, the
scientists have been abls to determine when

..{rees used as stru- tural beams in ancient

Indian cliff dwellings were cut. Elsewhere,
cross dating has also Bnabled historians

to date locally obtained wood more than 100
years old, such as wood used for structural
bsams in buildings con/s{ructed by early
settlers.

(Section from a living iree.
4

-

L

Beam from an
old house.

. Ring patterns of undaled wood samples
.can be matched or cross dated for age with other
N samples that have been dated by identlfylng the ting

paﬂam common to all samples.
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" particular combination of factors that have

© be quite g
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Cross datmg can also be a’useful toolin
working with short records from more
recent sampies of wood. For example, cross
dating can be used to determine when a
tree was kiiied by recent blit unrecorded
floods, fires, or other events. In the case.of
floods, the position'dfihe dead tres on the
stream bank aiso gives a mlmmum height
for the flood,

Tree-Ring Pattemns .

Examination of a stump top may reveal
an occasional very smail ring that, upon AN
dating, is found tc ¢orrespond to a known'
year of extreme drought. Further,-an
occasional very large ring may correspond
to a known year of excessive rainfall,
Between these two extremes, rings may (\sry

considerably without correlating directly
WIth any extreme environmental conditio

" Qbviously, many combinations of environ-
mental factors can result in a tree ring of tHe
same size. The more complex the environ-
ment, the more difficult itis to sort out the

produced a certain ring size for a given yea
Cross dqhng depends on this pattern of
variation in ring size. Within a given area, |
the ring pat erns of tress of one kind may |
:Iar In addition, the patterns + !
foundin J{Herent kinds of trees in the area
may resemble each other. The similarity .
must be caused by something common to
all the trees~-environment, Because each [
tree grows in a somewhat different
microenvironment, powever,.parts of its ring
pattern are also somewhat different from
those of other areas, Therefore, similarities
in ying patterns can be expected among
trees in an area resulting from those aspeéts
f the areal environment common tc all
trees, In addition, the more closely trees
{rom a given area crossidate with each other,
the moré€ closely the ring patterns will be
axpected to match regional climate
patterns. Much rea':a?ch, particularly
in the Great DIsmal Swaimp, Va,, has gone




K

. Adverse environmental conditions during 1923, 1925, and
1926 slowed growth and Produced narrow tree 1ings in
thyee different loblotly pine treesgrowing in fhe Great Dis-
mal Swamp. Virginia. Note that the narrow ring pattern is
reflagted not only Tn total fing width of sarlywoed (fight
portiontof ring) but also ¥ Yatewood (dark Portion of fing).

inta determining what kind of tree and what.
habltat combine to resuit in tree-ring patterns
that more closely reflect regional environ~
mentai conditions rather than 1 Jocal micro-
en\nronmental deviations.

—

Present and Future Uses of
Tree-Ring Studies

Dating of tree rings and dating witf: tree
rings have been perfected to the point that o
tree rings may be used to date numerous
events and conditions. The University of
Arizona Labgratory of Tree-Ring Ressarch
has made considerable progress in calibrat-
ing tree rings from the West and Southwest

with climatic condltions. These calibrations .
have been used successfully to reconstruct
climatic conditions of the past 400 years “

tHroughout North America. it will be possible
to greatly refine these reconstructions as
tree-ring collections from the East,becoms
avallable and can be incorporated into
callbrations.

At present, the Water Resources Division®,
of the U.S. Geological Sizrvey maintains a
Tree-Ring Laboratory at the National Center

_ fully crasg/ dated. This has led to current

- of yeafly variation in streamflow of small

A te!evls{on gystem us&d {or dotalled scanning and maas-
urement of wood samplasatfhaTrae-Fling Laboratory in
Reston: Virgng. . - T
in Reston, Va. (nearm““hmgton, D. C) The -
!aboralory conducts research rélating tree
‘Geowth with hiydrology. Studies are being
conducted to help hydrologists.use tree rings
to estimate hydrologic conditions in areas
where no other records exist and for periods
befors records were collected. Research has -
demonstrated that tree-ring records in the
humid Eastern United States can be success-

researc!in calibrating tree-ring records with
hydrolpgic records that will enable estimation

sjreams and water.Jovel varlation in forested
wetlands..

. Tree—rmgstudieshave revealed many ways
in which changes in various climatic/environ-
mental factors affect growth throughout a
tree and have demonstrated that much infor-
mation about past'environmental conditions
may be reconst:ucted from tree rings. Thus
used, trees serve as natural recorders of the
environments in which they live. Tree rings
are already prc‘vmg to be excellsnt historians,
but much work remains to be done before we-
will uss fully and see clearly through these
windows to the past. - .
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As the Natlon's principal cci.\nunratlun agancy.ltha Ospartment » - _-..*!
of the Interior has responsibility for mast of our nationally cwnsd T
public {ends and natiral resources. This includes !ostodng lhe
. >t wisest use of our Iand and water sesourcas, protecting. odr fish and R
H wildlits, preserving Ihs environmental and cu!tural “vilpaa of
o national parks and historical plsces. and pmyud!nq for the anj y- \
ment of lite through outdoor tacreation. The'Oophrtment
. ouf sneigy and minaral resources and wurks (o assure (hat their
davsiopment is in the best interests of all uur people, The Oepans
" ment also has a majar responsibiilty for Amarican Indlan reservation

. communitiea and lor pecple whd live in Isisnd Teritories under
1.3, administraticn.
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